Abstract
INTRODUCTION
Current industrial methods rely on chemical process for isolation of chitin involving: 1) grinding; 1 2) demineralization (DM) with strong acids; 3) deproteination (DP) with alkali medium at 90-2 100 ºC followed by; 4) pigment removal using solvent extraction or chemical oxidation. To overcome the harsh chemical treatments, biotechnological processes, such as microbial 10 fermentation and application of proteolytic enzymes (enzymatic extracts or isolated enzymes) 11 have been carried out for demineralization and deproteinization by different researchers and 12 these reports are summarized in the Table 1 .
13
The flow sheet of biological and chemical treatment method of chitin extraction from crustacean 14 waste is presented in Fig. 1 . The highest rate of DM and DP can be reached by carrying out 15 simple fermentation but level of hygiene during production restricts its human or animal 16 consumption. 1 The rate of DM and DP obtained by using crude protease or pure industrial 17 enzymes needs additional chemical treatment step for better yield. However, several chemical 18 and biological treatments were limited to freshwater conditions and there is no study as yet 19 reported using seawater conditions. Therefore, cost-effective, easily controllable industrial 20 process for chitin extraction of high purity and degree of acetylation are required for a 21 satisfactory level of specific applications. In the present research, the standard industrial recovery 22 process of chitin is carried out by replacing fresh water with sea water. To overcome the problem 23 same flask, the filtrate was mixed with 150 mL (3×50 mL) of fresh water for 15 min to remove 1 the maximum residual HCl and other impurities. The treated crustacean waste was oven dried at 2 60 ±1°C for 18 h and weighed for DM analysis to quantify ashes and rate of DM was calculated 3 using (Eq.1) below. and R are dry mass (g) of original sample and treated residue, respectively.
6

Deproteination step 7
Following the demineralization step, the demineralized shrimp shells were deproteinated with 8 1.25 M NaOH under vigorous stirring at 90 ±1°C using 60 mL of solution per gram of 9 demineralized shells. 15, 16 After 2 h of reaction, the solid samples were washed with 150 mL 10 (3×50 mL) of fresh water. Later, treated crustacean waste was dried and weighed for nitrogen 11 analysis and rate of DP was calculated using (Eq.2) below.
7, 14
12
Where, P O and P R are protein contents (g/g) of crustacean waste before and after treatment, and
13
O and R are dry mass (g) of original sample and treated residue, respectively.
14
Effects of sea water on chitin extraction
15
The previously elaborated extraction protocol with fresh water was studied using sea water and
16
artificial seawater (at 17.5 and 35% salinity) was prepared according to formula. 17 The effect of seawater tests on chitin extraction were performed in triplicate for DM 18 and DP steps. The comparison between the two seawater salt concentrations and the protocol 19 with fresh water was carried out by using ANOVA and Tukey post hoc tests.
Optimization of DM for chitin extraction 1
An optimization was carried out with sea water using factorial design (2 factors, 3-levels and 3 2 blocks). The raw material was first mixed with 60 mL of hydrochloric acid (HCl) at varying 3 concentrations of 0.5, 1.5 and 1 M. The reaction flasks were stirred at 800 rpm at room 4 temperature (20 ±1°C) for 1, 2 and 3 h of reaction in triplicates followed by washing step with 5 150 mL (3×50 mL) of seawater. Demineralization (DM %) was calculated at the end of each Design (BBD) with 9 runs (three levels and two factors) was used to assess the effect of acidic on rate of demineralization. Prediction using results obtained was determined for final optimum 10 condition to be carried out in triplicates.
11
Statistical analyses and the design of experiments were carried out by using STATISTICA,
12
STAT SOFT version 7. Responses surface methodology was used as a tool for the analyses and 13 the difference was considered significant at p-value < 0.05 (α was fixed to be 0.05).
18
14
Biological method
15
Bacterial strains and inoculum preparation 16 The strains, Bacillus licheniformis NRS-1264 (B1) and Bacillus subtilis B-59994 (B2) were 17 collected from ARS, USDA (U.S Department of Agriculture). Inoculum for B1 and B2 were 18 routinely grown in the nutrient broth (NB) medium composed of (g L -1 ): peptone 5.0, yeast 19 extract 2.0, NaCl 5.0 and pH were maintained at 7.0, before sterilization. 13 The sterilized 20 medium volume was 100 mL in a 250 mL conical flask which was inoculated at 5% (v/v) with
21
B1 and B2 separately and incubated for 12 h at 150 rpm at 40 ±1ºC in an incubator shaker
22
(INFORS HT-multitron standard). For determination of colony forming unit (CFU), about 1 mL 23 of this inoculated media was taken to determine the inoculum density for each of the bacterium, 1 which was around 4.3 × 10 6 CFU/mL for B1 and 3.9 × 10 6 CFU/mL for B2.
2
Fermentation conditions for DM and DP
3
The fermentation set-up was performed in 250 mL flasks containing 100 mL of seawater by centrifugation at 3810 x g for 20 min and the supernatant was collected for enzyme analysis.
11
The residue was washed with 150 mL (3×50 mL) of seawater (35% salinity) and dried at 60±1 12 ±1ºC for 24 h and weighed before carrying out DM and DP analyses.
13
Crude protease harvesting method for DM and DP
14
Bacillus species are industrially well-established microorganisms for the production of extra 15 cellular proteins. 19 For enzyme production, fermentation with each of the strain was carried out 16 for 5 days. The fermentation mixture was centrifuged and the supernatant collected was further 17 vacuum filtered using 0.45 µm filter paper. The supernatant was used to determine the crude 18 protease activity and accordingly used for DP and DM (as detailed in previous section) of chitin.
19
Analysis method
20
Protease activity assay
21
The protease activity was measured using casein as a substrate. 20, 21 The filtered supernatant i.e. The statistical data collected from analysis of variance (ANOVA) for optimization studies are Therefore, fermentation using Bacillus sp. is a time consuming approach and addition of 6 proteases will be a viable commercial way to increase DP rate. The enzyme activity of both
7
Bacillus species in the presence of crustacean waste ( nitrogen from crustacean waste leading to production of protease activity for increased rate of 10 protein removal.
11
Effect of Protease on DP
12
Since the rate of DP is not only related to the amount of protease produced, but also to the 13 efficiency and the accessibility of enzymes to the substrates 13 , direct enzymatic process of 14 protein removal was used. Enzymatic DP process was applied in seawater using a crude protease 15 from B1 and B2 across incubation periods and enzyme/substrate ratios (E/S) (Fig. 5) 
19
The combined enzyme digestion followed by acid treatment will be a cost-effective, 20 environmental friendly and commercial approach for treatment of crustacean waste.
21
Proposed treatment method for chitin extraction 1
It was demonstrated that the crude protease from the both Bacillus species and especially B2 2 could be effective to obtain high rate of DP when sea water was used instead of fresh water.
3
However, to obtain maximum mineral removal and hence purified chitin, an additional step of 4 chemical DM was necessary. For this purpose, a combined enzymatic deproteination (with B2 5 crude protease, E/S=2, for 24h) step following chemical demineralization was carried out by 6 using sea water, the deproteinated shrimp waste (DP≈84±1.5%) was subjected to 7 demineralization at (as optimized in section 3.2.1: 1.28 M HCl and reaction time of 1h 30 min).
8
Results showed chitin with DP ≈84 ±1.5% and DM ≈ 94%. Chitosan obtained after deacetylation 9 of this chitin showed a degree of deacetylation ≈71% using seawater and 81% using fresh water.
10
The degree of acetylation (DA) in presence of fresh water across commercial alcalase with Na 11 sulphite along with NaOH treatment resulted in 77.6% and using Lactobacillus sp. along with
12
HCl followed with NaOH treatment resulted in 81.7% of DA. tonnes of chitin per year, the cost of using pure water (175 tonnes) will be around ≈27,000 $
8
(water price in Quebec: ≈1.51$/m 3 ), in case of seawater the total production cost will be reduced 9 by 10-13%. 36 The biochemical approach can be considered as a viable commercial approach with 10 high rates of DM and DP, alternatively producing high purity of chitin. The biological treatment 11 requires use of crude protease, which can be produced in-situ using crustacean waste as a cheap 12 carbon source. This approach will illustrate a suitable crustacean utilization, crude protease 13 production, crustacean treatment, animal feed and chitin production, altogether with improved 14 in-situ sea-food processing industries. The proposed bio-chemical approach will find whole new 15 applications in converting crustacean wastes into commercial products for industrial application.
16
CONCLUSION
17
In the present study, crustacean waste fermentation was carried out using two Bacillus strains in concentrations with amylolytic and non-amylolytic Lactobacillus strains for chitin production. 
